This paper presents a fully integrated MOSFET-C filter implemented in a BICMOS technology. The detrimental effect of excess noise upon the dynamic range is eliminated with no increase of thermal noise nor circuit complexity. Additionally, a novel, fully integrated, highly accurate and low ripple automatic tuning system is proposed.
Introduction
A sufficiently high dynamic range is a key requirement for most applications of continuous time integrated filters. A limited supply voltage and hence a limited swing translates an increase of the dynamic range into a decrease of the noise level.
The absolute minimum noise level of continuous time filters is evidently bounded by the thermal noise of the resistors or transconductanees. For low frequency applications however, the excess noise may largely dominate over the thermal noise. An empirical relation for the spectral density of the drain current excess noise in a MOS transistor given by [1] or [2] can be written as:
¿2"-kfIdf m f»' -CoxVf (1) In this equation, Kp [3, 4] . Figure 1 shows a basic MOSFET-C integrator, in which the second order nonlinearity of [5] . With this input stage, the K?.=4*r 2rm + ¿M)} (2) In this equation, k is the Bolzmann constant, T is the absolute temperature, rm is the gate controlled MOS resistance, gm is the small signal transconductance of each amplifier input transistor and // is the corner frequency, for which the excess noise of the amplifier input transistors equal their thermal noise.
Since [4] . On a second test chip, which is currently processed, the same MOSFET-C filter is implemented with the BICMOS amplifier and the novel tuning system. The dynamic range of this filter is expected to be at least lOdB larger than that of the first implementation. The simulated amplitude and phase response of the BICMOS amplifier with an additional 25pF capacitive load is shown in Figure 4 . The 53dB low frequency gain, the 55dB phase margin and the 7MHz unity gain bandwidth is obtained with a 250/xA supply current and a single 8V supply voltage. Preliminarily, we can conclude that the availability of bipolar transistors in a BICMOS technology offers the possibility to implement MOS based continuous time filters with a minimum excess noise and hence a larger dynamic range, without a significant increase in circuit complexity, occupied chip area or power dissipation.
